Abstract Sudden cardiac arrest (SCA) and sudden cardiac death (SCD) during exercise are rare but devastating for a patient and family. The objectives of this review are to provide both school and sport-events' personnel with an overview of the types of preventions, such as screening tests and cardiac emergency response plans, describe the recommended screening tests and cardiac emergency response plans during exercise, and describe current concerns and challenges in the prevention of SCA or SCD. A literature review was performed. No intervention study was identified. Thus, based on findings from observational studies, the types of prevention against SCA and SCD have been reviewed, and the recommendations for prevention were discussed. The 12-Element AHA Recommendations for Preparticipation Cardiovascular Screening of Competitive Athletes was strongly recommended as a screening test. The 12-lead ECG remained controversial for use as a preparticipation program. Genetic testing was not appropriate for prevention. In addition, concerns and challenges for future studies were discussed. An observational study with rigorous methodology and analysis is feasible and could provide a good understanding as a controlled trial.
Introduction
Sudden cardiac arrest (SCA) during exercise is a rare event [1] [2] [3] [4] [5] [6] [7] , with an incidence of between 0.4 and 6.4 per 100,000 person-years 4) , but it is a devastating event with as low a survival-to-hospital-discharge rate as 5% 8) . Various exercise types cause SCA, though low-intensity exercise might have a lower incidence of SCA than highintensity competitive sports 9) . Among competitive sports, football and rugby are reported to have a higher risk for SCA and sudden cardiac death (SCD) [10] [11] [12] [13] [14] . Previous studies have identified both the risk and protective factors associated with SCA or SCD during exercise. Risk factors included regional differences in the provisions of emergency services 5) , non-white race 7) and various cardiac conditions of patients 15) . Protective factors associated with better brain/overall function with survival after SCA were collapse witnessed by a bystander, quick response time by emergency services personnel, shorter transportation time from SCA site to hospital, and public access to an automated external defibrillator (AED) 5, 6, 16) . Few studies have evaluated the effectiveness of interventions and/or programs and their cost-effectiveness. The implementation of AED was cost-effective with a limited validity due to small sample size 17) . Preparticipation screening tests among young athletes might be effective and have been implemented internationally 18) , but they are not strongly recommended due to the higher false positive rates in a screening, which would damage a youth's opportunity to participate in a sport event 15, 18) . Other findings regarding screening tests, including genetic tests, were limited to professional or competitive athletes only [10] [11] [12] [13] [14] . In addition, although the screening tests or cardiac emergency response plan at the site were considered interventions 8, 15, 16, 19, 20) , a randomized controlled trial for patients with SCA is, in general, difficult to conduct because of ethical concerns about conducting an intervention at an emergency site, the difficulty with obtaining participant consent, and the low feasibility of designing a blind study 21) . Thus far, the factors associated with the outcomes after SCA during exercise have been identified, and the costeffectiveness of intervention in the young population has been evaluated. However, little is known about the clinical effectiveness of preventions, i.e., screening tests and the cardiac emergency response plan, which are tailored for the level of exercise strength among the general population. Therefore, the objectives of this review are the following: to obtain evidence from a systematic literature review on the effect of preventions against SCA during exercise; to provide both school and sport-events' personnel with a critical review on the types of preventions, such as screening tests and cardiac emergency response plans; to describe recommended screening tests and cardiac emergency response plans during exercise; and to discuss the current concerns and challenges regarding preventions against SCA or SCD. Correspondence: takeru-a@aoni.waseda.jp/t-abe@kyudai.jp
Systematic literature review
To obtain current evidence on the effect of preventions against SCA, a systematic literature review was performed. In the literature search, the following electronic databases were utilized: PubMed, MEDLINE, Scopus and Web of Science, with search periods between January 1980 and April 2014. The following keywords were used in combination: 1) cardiac arrest/cardiac death, 2) intervention/randomized controlled trial and 3) exercise/ sports. For the inclusion criteria, a study was included if it met the following criteria: an article type was an original article describing a clinical trial, meta-analysis, observational study or review; the study species was human; and the study was available in English. For exclusion criteria, a study was excluded if the study was evaluating an effect of rehabilitation or treatment for cardiac arrest.
Search results
As a result of the search, there were 296 potential articles of studies. There was no intervention study among those articles. Instead, 39 observational studies or reviews were identified, which studied associations of the preventive factors against SCA during exercise or sports. Based on the findings and participants of studies, those thirty-nine articles were categorized into the following five groups: youth specific studies (12 articles), studies regarding physical and medical characteristics (11 articles), studies in different sports events (8 articles), studies in doping or drug-use (5 articles) and reviews on screening tests (3 articles). All studies tried to identify the cardiac risk factors on SCA during exercise, except three articles on pre-participation screening tests [22] [23] [24] . Importantly, screening tests were deemed the most feasible methods for preventing SCA during exercise given that there were no high quality, intervention studies. The characteristics (feasibility) of such studies raises ethical concerns, making it difficult to conduct intervention studies with participants in lifethreatening situations.
Types of prevention and post intervention
From the literature review, screening tests appear to be an effective means for prevention against SCA and SCD. In addition, the findings were significant for postintervention against SCD rather than SCA, i.e., cardiac emergency response plan. Therefore, the use of screening tests for prevention and cardiac emergency response plans as a post-intervention needs to be discussed.
Screening tests involve four different types of exams, i.e., medical history consisting of personal and family history, physical exam, 12-lead electrocardiogram (ECG), and genetic testing. Table 1 shows the contents of the medical history and physical examination, which were recommended by the 12-Element American Heart 25) , consisting of 8 items for personal and family history and 4 items for physical examination 25, 26) . If a person had a positive response or finding for any one of the 12 items, the examiner might refer him or her for further cardiovascular evaluation. Several studies have supported the costeffectiveness of history taking and physical examination as screening tests [27] [28] [29] . In addition, Table 2 shows the Lausanne Recommendation from the International Olympic Committee Medical Commission 30) . This checklist would be easy to use because a participant answers either yes or no to the questions. Bille et al. 30) recommended that a participant with any positive findings on the test should be further evaluated by a cardiologist. The authors concluded that the test could be a generally acceptable, safe screening test 30) . The 12-lead ECG shows an interpretation of the heart's electrical activity recorded by an external device. The device has electrodes that are attached to the skin across the chest to both sides of the wrists and ankles. Table 3 shows the possible cardiac abnormalities that might be detected by reading the 12-lead ECG 15) . However, there are debates over inclusion of the 12-lead ECG as a screening test. Several studies have reported a lack of cost-effectiveness; high false positive rates, which might subsequently interfere with participation; and incomplete differentiations between the athlete's heart and actual disease 15, [31] [32] [33] . On the other hand, several simulated studies found that the use of ECG was cost-effective against SCA and SCD [27] [28] [29] .
With respect to genetic testing, associations between cardiovascular diseases and genes have been well documented. Table 4 summarizes the cardiovascular anomalies and responsible genetic basis, along with exercise recommendations 9) . Once a person was found to have a genetic condition, as in Table 4 , neither competitive sports nor intermediate exercise should be recommended.
Implementation of public-access AED is one of the emergency response plans with evidence of both effectiveness and cost-effectiveness 8, 16, 19, [34] [35] [36] . In high schools, AED use was clinically effective in reducing SCD among teachers and workers as a non-targeted population, as well as students as a targeted one 16, 19) . Other emergency response plans have included the development of an emergency action plan, emergency communication, emergency equipment, emergency transportation, practice and review of emergency action plan and postevent catastrophic incident guidelines 8, 37) . These plans were recommended as a consensus statement by Drezner et al. (2007) 37) , which is in agreement with AHA guidelines and the National Athletic Trainers' Association (NATA) position statement on emergency planning in athletics 37) .
Recommendations for screening tests and cardiac emergency response plan
Several academic societies have declared their own recommendations on preventions against SCA and SCD. Table 5 shows the recommendation of preparticipation cardiovascular screening of athletes categorized by societies.
Step 1: For all participants Potentially detectable cardiovascular conditions Personal history: Questionnaire by examining physician Any cardiovascular condition Have you ever fainted or passed out when exercising? Do you ever have chest tightness? Does running ever cause chest tightness? Have you ever had chest tightness, cough, wheezing, which made it difficult for you to perform in sports? Have you ever been treated/hospitalized for asthma? Have you ever had a seizure? Have you ever been told that you have epilepsy? Have you ever been told to give up sports because of health problems? Have you ever been told you have high blood pressure? Have you ever been told you have high cholesterol? Do you have trouble breathing or do you cough during or after activity? Have you ever been dizzy during or after exercise? Have you ever had chest pain during or after exercise? Do you have or have you ever had racing of your heart or skipped heartbeats? Do you get tired more quickly than your friends do during exercise? Have you ever been told you have a heart murmur? Have you ever been told you have a heart arrhythmia? Do you have any other history of heart problems? Have you had a severe viral infection (for example myocarditis or mononucleosis) within the past month? Have you ever been told you had rheumatic fever? Do you have any allergies? Have you ever had chest pain during or after exercise? Do you have or have you ever had racing of your heart or skipped heartbeats? Do you get tired more quickly than your friends do during exercise? Have you ever been told you have a heart murmur? Have you ever been told you have a heart arrhythmia? Do you have any other history of heart problems? Have you had a severe viral infection ( 25, 38) was widely adopted by the International Olympic Committee (IOC) 30) , American College of Sports Medicine (ACSM) 26) , European Society of Cardiologists (ESC) 30, [39] [40] [41] [42] [43] and the American College of Preventive Medicine (ACPM) 18) (Table 4) . Second, the use of the 12-lead ECG as a screening test is not recommended by the AHA 24) . Even the ACPM 31) is against it because of the lack of evidence on test performance and cost-effectiveness ( Table 5 ). As described above, several studies reported on the cost-effectiveness of the ECG as a screening test. However, these findings relied on simulated data analyses and not on the analyses of observational or interventional studies. This lack of evidence at higher levels might undermine the implications from the findings. Third, none of the societies recommend genetic testing, and the ACPM, in fact, is against it (Table 5 ). Genetic testing is "invasive" by nature and could cause an ethical dispute. Genetic testing might not be suitable as a screening test. However, when a person has an episode of SCA or dies of SCD, family members of the person would be recommended to undergo detailed cardiovascular evaluations because of the possibility of hereditary SCA or SCD 9) . Fourth, implementing a public-access AED with an emergency action plan is recommended, as the evidence for this approach is well-established 37) .
Concerns and challenges
There are several concerns and challenges for choosing an intervention program for SCA and SCD during exercise. First, higher false positive rates from ECG testing among the general population might not be efficient; there is little evidence for ECG, and it is also comparatively more expensive. Improvement in the performance and cost-effectiveness of ECG is necessary for its future use as a screening test. Second, a population-based cohort study or a national registry of SCA and SCD is needed. SCA and SCD depend on demographic characteristics, i.e., race and gender 25) , and genetic factors 9) . Because SCA and SCD are rare events, findings from large, observational studies are necessary to obtain a better understanding of effective preventive measures for SCA and SCD. A randomized controlled trial (RCT) of prevention programs might be ideal for providing a higher level of evidence 4) . However, it would be extremely difficult to conduct an RCT in emergency situations, such as SCA and SCD, because there are ethical barriers as well as low feasibility. In addition, performing an explanatory analysis while minimizing possible biases is needed. The observational study design is subject to biases, i.e., selection bias and misclassification 44) . However, development of statistical analysis in epidemiology addresses such biases, i.e., random-split half with decision tree analysis 45, 46) and propensity score analysis 21) , especially in emergency medicine. Conducting an observational study with rigorous methodology and analysis could identify, with validity and reliability, the protective and risk factors associated with SCA and SCD. Third, performing an autopsy could provide accurate information on the diagnosis of SCD 3, 12) . However, autopsies are not a common practice in some cultures and countries, i.e., Japan 17) . Conducting a population-based cohort study with public education could improve participation and, thus, improve the accuracy of diagnosis.
Conclusions
In this study, the types of preventions for SCA and SCD were reviewed, and recommendations on the preventions In addition, the concerns and challenges for future studies were discussed. An observational study with rigorous methodology and analysis appears to be a feasible option, and could provide findings that are comparable to controlled trials.
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